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Original article

Is gentamicin a viable therapeutic option for
treating resistant Neisseria gonorrhoeae in New
South Wales?

Benjamin H Armstrong, Athena Limnios, David A Lewis, Tiffany Hogan, Ratan Kundu, Sanghamitra Ray, Masoud Shoushtari,
Jasmin El Nasser, Tim Driscoll, Monica M Lahra

Abstract

The key issues with Neisseria gonorrhoeae infections, in Australia and elsewhere, are coincident
increases in disease rates and in antimicrobial resistance (AMR), although these factors have not
been shown to be correlated. Despite advances in diagnosis, control of this disease remains elusive,
and incidence in Australia continues to increase. Of the Australian jurisdictions, New South Wales
(NSW) has the highest N. gonorrhoeae notifications, and over the five-year period 2015-2019, notifi-
cations in NSW have increased above the national average (by 116% versus 85%, respectively).

Gonococcal disease control is reliant on effective antibiotic regimens. However, escalating AMR in
N. gonorrhoeae is a global health priority, as the collateral injury of untreated infections has substan-
tive impacts on sexual and newborn health. Currently, our first-line therapy for gonorrhoea is also
our last line, with no ideal alternative identified. Despite some limitations, gentamicin is licensed and
readily available in Australia, and is proposed for treatment of resistant N. gonorrhoeae in national
guidelines; however, supportive published microbiological data are lacking.

Analysis of gonococcal resistance patterns within Australia for the period 1991-2019, including
35,000 clinical isolates from NSW, illustrates the establishment and spread of population-level
resistance to all contemporaneous therapies. An analysis of gentamicin susceptibility on 2,768 N.
gonorrhoeae clinical isolates from NSW, for the period 2015-2020, demonstrates that the median
minimum inhibitory concentration (MIC) for gentamicin in NSW has remained low, at 4.0 mg/L,
and resistance was not detected in any isolate. There has been no demonstration of MIC drift over
time (p = 0.91, Kruskal-Wallis test), nor differences in MIC distributions according to patients’ sex
or site of specimen collection.

This is the first large-scale evaluation of gentamicin susceptibility in N. gonorrhoeae in Australia.
No gentamicin resistance was detected in clinical isolates, 2015-2020, hence this is likely to be an

available treatment option for resistant gonococcal infections in NSW.

Keywords: Neisseria gonorrhoeae; gonococcal; gentamicin; antimicrobial resistance; treatment;
surveillance.
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Introduction

Neisseria gonorrhoeae infections are notifi-
able under legislation in Australia; notification
data are recorded in the Australian National
Notifiable Diseases Surveillance  System
(NNDSS).! The NNDSS was established in
1991, when the diagnosis of gonococcal infec-
tion was reliant on bacterial culture. The intro-
duction of molecular testing for the diagnosis of
gonorrhoea in the last two decades, with sub-
sequent scale-up of availability, and widespread
uptake of use by clinicians, has coincided with
large increases in gonorrhoea notifications in
Australia during the last decade.? This increase
was initially attributed to the recognised advan-
tages of molecular testing, particularly improved
access to, and uptake of, less invasive testing
methodologies, and the increased sensitivity of
molecular assays. However, recent analysis of
the national data has shown that increases in
gonococcal notifications over this time period
exceed what may be fully explained by increased
testing.> Between 2015 and 2019, notifica-
tions of gonococcal infections have increased
nationally by more than 85%. The state of New
South Wales (NSW) has the largest number of
gonococcal notifications in Australia,' and over
this same 5-year period notifications within the
state increased by 116%.

Gonococcal disease control is reliant on effec-
tive antibiotic treatment of patients and their
contacts. However, antimicrobial resistance in
N. gonorrhoeae is an identified concern glob-
ally’ In Australia, the increasing gonococcal
disease incidence and coincident increas-
ing antimicrobial resistance (AMR) appear
unrelated.’ Globally, AMR in N. gonorrhoeae
has emerged over time to every agent used as
first-line therapy.’ As a consequence of this, our
current first-line strategy is also now our last
line, as there is no ideal alternate option iden-
tified. Hence, once resistance to the first-line
extended-spectrum cephalosporin antibiotics is
established, therapeutic strategies are uncertain.

Gonococcal AMR in Australia has been
continuously monitored since 1981 by a
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national network of reference laboratories
(the National Neisseria Network, NNN).
This work is supported by the Australian
Government Department of Health, and is
called the Australian Gonococcal Surveillance
Programme (AGSP). Within Australia, the
emergence of AMR in N. gonorrhoeae has long
been influenced by the introduction of resist-
ant strains from overseas, where reservoirs are
known to exist.*® Extended-spectrum cephalo-
sporin-resistant, multi-drug-resistant (MDR),
and extensively-drug-resistant (XDR) N. gonor-
rhoeae isolates recently detected in Australia
were associated with overseas travel or contact
within the Asia-Pacific region.>”® Importation
of MDR and XDR N. gonorrhoeae remains an
ongoing threat: once resistant strains are intro-
duced to a population, resistance frequently
becomes established.”

If previous trends in gonococcal AMR are
our guide, alternate strategies and therapeutic
regimens must be considered pre-emptively,
including the repurposing of established anti-
microbials for use in anti-gonococcal regimens.
Three suitable agents currently licensed for use
in Australia for consideration are gentamicin,
ertapenem, and spectinomycin.’

Gentamicin and spectinomycin are recom-
mended by the most recent 2016 WHO guide-
lines for management of resistant gonococcal
infections.’ More recent Australian guidelines
additionally recommend ertapenem for MDR
and XDR N. gonorrhoeae." Gentamicin is read-
ily available, inexpensive, and has an established
side effect profile; like ceftriaxone, it may be
administered via a single intramuscular injec-
tion. Ertapenem is reported to require intrave-
nous access and multiple doses to achieve reli-
able cure for gonorrhoea.'"* Unlike gentamicin
and ertapenem, spectinomycin is not readily
available in Australia.

Recent clinical studies have demonstrated
efficacy for gentamicin treatment of urethral
gonorrhoea; however, rates of oropharyngeal
clearance were reduced compared to current
standard therapy, and data on rectal and other

health.gov.au/cdi



body site infections are limited.”'*"> There is a
lack of clinical or epidemiological studies to sup-
port anti-gonococcal therapy with gentamicin
in NSW, or in the broader Australian setting.
In this context, a longitudinal evaluation of N.
gonorrhoeae gentamicin susceptibility was con-
ducted in vitro, using isolates cultured in NSW,
to provide an evidence base to support the use
of gentamicin for gonococcal disease resistant
to current first-line therapy.

Methods

This study was conducted in the World Health
Organization Collaborating Centre for Sexually
Transmitted Infections and Antimicrobial
Resistance (WHO CC) in Sydney, NSW. This
Centre serves as the State Reference Laboratory
for pathogenic Neisseria species, and is the
NNN’s coordinating laboratory. Standard test-
ing for N. gonorrhoeae from clinical isolates
includes confirmation of identification, as
well as determination of minimum inhibitory
concentration (MIC) values for ceftriaxone,
azithromycin, ciprofloxacin, and penicillin.
Gentamicin MIC surveys are undertaken peri-
odically and these data were also included in
the analysis. Data are reported for clinical and
surveillance purposes.

A longitudinal analysis of MIC values from
clinical N. gonorrhoeae isolates, obtained from
male and female patients tested in NSW over
a 39-year period (1981-2019), was performed.
A contemporaneous survey was conducted to
determine gentamicin MIC values for 100 N.
gonorrhoeae clinical isolates, received con-
secutively during the period 25 August - 3
September 2020.

MIC testing for ceftriaxone, azithromycin,
ciprofloxacin and penicillin was performed as
previously described.® Gentamicin MIC values
were determined using Etest (bioMérieux,
France). Clinical breakpoints for gentamicin
have not been established; however, on the basis
of clinical correlate data, isolates are considered
resistant to gentamicin when the MIC value is
> 32 mg/L."
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This study was deemed a quality improvement
project by the South Eastern Sydney Local
Health District Research Support Office, and
therefore formal ethics committee approval was
not required.

Statistical analysis and construction of
figures were performed using Prism ver-
sion 8.4.3 (GraphPad Software, San Diego,
California, USA) and Microsoft Excel 2013
version 15.0.5127.1000 (Microsoft Corporation,
Redmond, Washington, USA).

Results

The antimicrobial resistance trend data for
NSW over the 39-year period from the AGSP’s
inception to 2019 are displayed in Figure 1.
Early reports from the AGSP monitor the pro-
portion of gonococcal isolates resistant to peni-
cillin only, as this was the therapeutic agent in
use at that time. From 1996 onwards, the AGSP
has surveyed antimicrobial susceptibilities to
four core antibiotics (penicillin, ciprofloxacin,
azithromycin and ceftriaxone) and these data
are presented (Figure 1). From 1996 to 2019
there were 80,018 gonococcal notifications
notified to the NNDSS from NSW and of these,
35,789 clinical N. gonorrhoeae isolates (45%)
had antimicrobial susceptibility testing (AST)
performed at the WHO CC.

Over the period of surveillance, recommenda-
tions for first-line antibiotic therapy changed
in line with AMR evolution and at the point
when the proportion resistant was established
as greater than the nominal 5% resistance
threshold (Figure 1). What can be observed in
the longitudinal data is that, once established in
the population, resistance remains in excess of
the 5% threshold over time, even when former
first-line therapies are no longer used to treat
gonorrhoea: this can be seen for both penicillin
and ciprofloxacin.

The proportion of gonococcal isolates with
decreased susceptibility (DS) to ceftriaxone
(MIC values in the range 0.06-0.125 mg/L)
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Figure 1: NSW gonococcal resistance by year, 1981-2019*
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peaked in 2013, before declining following
the introduction of dual therapy with azithro-
mycin.> Azithromycin resistance increased
following the implementation of dual therapy,
peaking in 2017, and remained elevated at 6.0%
in 2019; however, this agent is adjunctive, and
included to preserve ceftriaxone as the mainstay
of therapy.

Gentamicin surveys have been conducted at
intervals over the period 2015-2019. A total
of 2,668 isolates from NSW, for which a gen-
tamicin MIC was determined, were analysed
from the period 1 January 2015 to 31 December
2019, inclusive of 367 female and 2,301 male
patients. The isolates included 1,476 genital iso-
lates, 471 isolates from pharyngeal specimens,
684 rectal isolates, 11 isolates from patients with
disseminated gonococcal infections (DGI),
and 26 isolates from other body sites (e.g.
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conjunctival samples). For the 2,668 isolates,
the median MIC (MIC, ) and the MIC, for
gentamicin were both 4.0 mg/L, with a range of
0.5-8.0 mg/L (Figure 2). No isolate was resist-
ant to gentamicin (MIC > 32 mg/L) within the
5-year period. For the purposes of this study,
contemporaneous isolates were also surveyed,
and Figure 3 illustrates the distribution of gen-
tamicin MIC values obtained for 100 consecu-
tive isolates received in 2020. The median MIC
was 4.0 mg/L, with a range of 2.0-8.0 mg/L. No
isolate was resistant to gentamicin (MIC value
> 32 mg/L). There was no significant difference
between the MIC distribution of the 2,668
samples from 2015-2019 and that of the 100
consecutive samples from the 2020 survey (p =
0.1104, Kolmogorov-Smirnov test).

Furthermore, there was no significant differ-
ence between MIC distributions in the 2,301

health.gov.au/cdi



Figure 2 Distribution of gentamicin MIC
values for 2,668 isolates of N. gonorrhoeae
from NSW, 2015-2019
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male patients and 367 female patients (p =
0.0882, Kolmogorov-Smirnov test; Figure 4).
This is in contrast to resistance patterns seen in
N. gonorrhoeae for other drugs that have been
first-line therapy.®®

When comparison of MIC distributions was
made according to the anatomical site of
specimen collection, no significant difference in
MICs was found (p = 0.2, Kruskal-Wallis test).
The median gentamicin MIC for samples from
each site (genital, pharynx, rectal, and other)
was 4.0 mg/L (Figure 5).

When comparison was made between gen-
tamicin MIC distributions by year, there were
no significant differences or trends towards
increasing or decreasing MICs between
2015 and 2020 (p = 0.91, Kruskal-Wallis test;
Figure 6).
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Figure 3: Distribution of gentamicin MIC
values for 100 consecutive isolates of N.
gonorrhoeae tested within NSW in 2020
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Discussion

NSW is an important sentinel site for gono-
coccal surveillance for Australia. Sydney, the
state’s capital, is a key international entry point,
with 4.4 million international visitors in 2019.
Furthermore, it is estimated that half of all visi-
tors to Australia spend an average of 22 nights
in NSW.® Consequently, NSW is at particular
risk of importation and subsequent outbreaks of
antibiotic-resistant gonococcal infections. This
study reports the trend data for gonococcal
AMR over four decades and more than 35,000
clinical isolates, as well as novel gentamicin
MIC trend data for the past six years.

Our data present a large-scale appreciation of
the changing gonococcal AMR landscape in
NSW over the past four decades. These data
provide baseline susceptibility profiles for the
current therapeutic options, and a record of
the impact of historical therapies. This also
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Figure 4: Distribution of gentamicin MIC
values for 2,668 isolates of N. gonorrhoeae
from NSW, 2015-2019, according to
patient sex

serves to highlight that consequential resistance
develops in N. gonorrhoeae to every first-line
recommended therapeutic agent over time.>®
Importantly, the AGSP data clearly demonstrate
that once resistance becomes established in a
population, resistance rates may decline or fluc-
tuate with changes in therapy but do not return
to baseline levels, despite cessation of routine
use of that agent. Despite the recent reductions
in ceftriaxone resistance, increasing MIC levels,
coupled with the detection of ceftriaxone-resist-
ant strains (e.g. the A8806 and FC428 clones),>®
likely herald the eventual broader emergence
of community-level resistance. Thus, there is
urgency in investigating alternate agents for
gonococcal treatment and disease control. One
potential agent could be gentamicin, as this
is readily available in Australia. This current
study presents reassuring data on gentamicin
susceptibility and considers its suitability as a
therapeutic agent to treat antimicrobial-resistant
gonorrhoea.

Gentamicin is used widely in hospital settings
for the treatment of other gram-negative infec-
tions, administered either intramuscularly or
intravenously. The side effect profile of gen-
tamicin therapy is well established, and adverse
events are rare, but include oto- and nephrotox-
icity. As a single-dose injection for treatment, the
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advantages of gentamicin include elimination
of partially-treated infections in those patients
who do not return for subsequent doses with
other multi-dose antimicrobial treatment regi-
mens, and removes concerns that index patients
may share their medication with contacts.

Relevant clinical studies of gentamicin’s efficacy
are limited. The largest clinical study of gen-
tamicin therapy for N. gonorrhoeae indicates
cure rates of 94% in genital infections when
co-administered with azithromycin; however,
in this same study, use of gentamicin was asso-
ciated with significantly reduced cure rates in
pharyngeal infection (80%)." Another recent,
small study (n = 10), stopped early due to
poor efficacy, found gentamicin monotherapy
for gonococcal pharyngeal infection had sig-
nificantly lower cure rate (20%).”° As urogenital,
anorectal, and pharyngeal co-infection are
known to be common, further clinical studies
are required to fully elucidate the success of
gentamicin therapy at various anatomical sites
of infection, particularly in the Australian con-
text.”b72

Globally, surveillance data for gentamicin sus-
ceptibility in N. gonorrhoeae are very limited.
Clinical use as an anti-gonococcal agent is not
widespread outside of Malawi, where it has been
utilised for over 20 years. There are no reports
in the literature of gonococcal resistance to gen-
tamicin, including from studies from Malawi."”

Whilst there are new drugs for gonorrhoea
in phase 3 clinical trials,” the current options
for MDR and XDR gonorrhoea in our setting,
based on ready availability, are gentamicin and/
or ertapenem therapy. For MDR and XDR gon-
orrhoea uncomplicated ano-genital infections,
single-dose intramuscular gentamicin repre-
sents the most viable option in terms of both
cost and administration route, with expected
high cure rates. Given the reported low efficacy
of gentamicin in the oro-pharynx, pharyngeal
MDR and XDR gonorrhoea infections would
most likely respond to intravenous or intra-
muscular ertapenem, which may be required
to be administered multiple times over several

health.gov.au/cdi



Figure 5: Distribution of gentamicin MIC values for 2,668 isolates of N. gonorrhoeae from NSW,
2015-2020, according to site of specimen collection
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days in order to effect clinical and microbiologi-
cal cure. It is recognised that higher drug and
administration costs of ertapenem will impose
substantially on our health care system if resist-
ant strains become endemic.'>"*

This study is limited to in vitro data. In the
ongoing absence of clinical studies and estab-
lishment of clinical breakpoints, the correlation
between gentamicin MIC values and clinical
efficacy, particularly at the oropharyngeal site,
remains unclear. Furthermore, ceftriaxone-
resistant strains, and MDR and XDR strains
of N. gonorrhoeae, remain relatively rare in
Australia, so ongoing systematic prospective
gentamicin surveillance is required. A further
limitation is ascertainment of isolates for AST.
The majority of laboratory diagnosis of N.
gonorrhoeae is now via molecular tests which
currently cannot provide antimicrobial suscep-
tibility data; this is a recognised limitation for
gonococcal surveillance systems internation-
ally.”?> The AGSP, however, has the highest rates
of ascertainment of all enrolled countries in the
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WHO’s global Gonococcal AMR Surveillance
Programme. Furthermore, all gonococcal iso-
lates received by the WHO CC, Sydney, have
antimicrobial susceptibility performed, and in
the years 2015-2019 these represented 30-35%
of all N. gonorrhoeae notifications annually
from NSW. Isolates are referred from patients of
any sex, from both public and private pathology
laboratories servicing inpatient and outpatient
settings, and from all areas of the state.

In summary, this study is the first large-scale
laboratory-based evaluation of gentamicin
susceptibility in N. gonorrhoeae isolates under-
taken in Australia. Important findings include
that no in vitro resistance to gentamicin, and no
gentamicin MIC creep, was detected over the
years 2015-2020. These data have applicability
to the broader Australian setting and support
the inclusion of gentamicin as an option to treat
MDR and XDR N. gonorrhoeae within current
Australian guidelines. From the surveillance
perspective, the addition of gentamicin as
an indicator for ongoing surveillance by the
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Figure 6: Distribution of gentamicin MIC
values for 2,768 isolates of N. gonorrhoeae
from NSW, 2015-2020, according to year of
isolation®

a Datain Figure 6 are inclusive of the 2,668 samples isolated
2015-2019 and the 100 consecutive samples tested in
August-September 2020.

AGSP is in progress, in line with the develop-
ing surveillance strategies of the WHO Global
Antimicrobial Resistance Surveillance System
(GLASS).
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